The method used in our previous papers is adopted to estimate four basic parameters (the central black hole mass (M ), the boosting factor (or Doppler factor) (δ), the propagation angle (Φ) and the distance along the axis to the site of the γ-ray production (d)) for 59 γ-ray loud blazars (20 BL Lacertae objects and 39 flat spectrum radio quasars). The central black hole masses estimated for this sample are in a range of from 10 7 M to 10 9 M . In the case of black hole mass, there is no clear difference between BL Lacertae objects and flat spectrum radio quasars, which is consistent with the previous results suggesting that the central black hole masses do not play an important role in the evolutionary sequence of blazars.
INTRODUCTION
In a standard model of active galactic nuclei (AGNs), there is a supermassive black hole at the center, surrounded by an accretion disk. Blazars are an interesting subclass of AGNs. Blazars have two subclasses, namely BL Lacertae objects (BLs) and flat spectrum radio quasars (FSRQs). The black hole mass estimation is an interesting topic that has been studied by many authors using different methods: 1) the reverberation mapping technique (e.g., Wandel, Peterson & Malkan 1999; Kaspi et al. 2000) , 2) the gas and stellar dynamics technique (see Genzel et al. 1997; Magorrian et al. 1998; Kormendy & Gebhardt 2001) , 3) variability time-scale technique Cheng et al. 1999; Fan 2005) , 4) the broad-line width technique (Dibai 1984; Wandel & Yahil 1985; Padovani & Rafanelli 1988; Laor 1998; Mclure & Dunlop 2001; Vestergaard 2000 , based on the assumption that the clouds in the broadline region (BLR) are gravitationally bound and orbiting with Keplerian velocities). The central black hole mass is also found to be correlated with bulge luminosities (Kormendy & Richstone 1995) , bulge masses (Magorrian et al. 1998) , bulge velocity dispersions (Ferrarese & Merritt 2000; Gebhardt et al. 2000; Ferrarese et al. 2001) , and radio power (Franceschini et al. 1998) . The tight M BH − σ correlation can be used, in return, to estimate the central black hole mass under the assumption that the relation holds for other sources as authors did in other papers, for example, by Barth et al. (2002) and Wu et al. (2002) who used the M BH − σ relation to estimate black hole masses for Mkn 501 and other AGNs.
In addition, Cao (2002) estimated black hole masses for a sample of BL Lacertae objects based on the assumption that broad emission lines are emitted from clouds ionized by the radiation of the accretion disk surrounding the black hole.
It is generally believed that the escape of high energy γ-rays from the AGN depends on the γ − γ pair production process because there are lots of soft photons around the central black hole. The opacity of γ − γ pair production in γ-ray loud blazars can be used to constrain the basic parameters. Becker & Kafatos (1995) have calculated the γ-ray optical depth in the X-ray field of an accretion disk. They found that the γ-rays should escape preferentially along the symmetric axis of the disk, due to the strong angular dependence of the pair production cross section. The phenomenon of γ − γ "focusing" is related to the more general issue of γ − γ transparency, which sets a minimum distance between the central black hole and the site of γ-ray production (Bednarek 1993; Dermer & Schlickeiser 1994; Becker & Kafatos 1995; Zhang & Cheng 1997) . So, the γ-rays are focused in a solid angle, Ω = 2π(1 − cos Φ), suggesting the apparent observed luminosity should be expressed as L
is the observed γ-ray energy flux, D the luminosity distance, z the redshift, and α γ the γ-ray spectral index. The observed γ-rays from an AGN require that the jet almost points to us and that the optical depth τ is not greater than unity. The γ-rays are emitted from a solid angle, Ω, instead of being isotropic. In this sense, the non-isotropic radiation, the absorption and beaming (boosting) effects should be considered when the properties of a γ-ray loud blazar are discussed. In addition, the variability time scale perhaps brings us information about the γ-ray emission region. All those considerations supply an interesting method for estimating the central black hole mass and other basic parameters of a γ-ray loud blazar. In this paper, we found a sample with the available X-ray and γ-ray emissions and determined their parameters. In Section 2, we introduce the method and the calculation results. In Section 3, we present discussions and a brief summary. H 0 = 75 km s −1 Mpc −1 and q 0 = 0.5 are adopted throughout the paper.
EQUATIONS AND RESULT

Equations
In our previous papers, the method was described (Cheng et al. 1999; Fan 2005 ) based on the optical depth (Becker & Kafatos 1995) . We derived four equations for four basic parameters, namely the central black hole mass (M ), the boosting factor (or Doppler factor) (δ), the propagation angle (Φ) and the distance along the axis to the site of the γ-ray production (d) for γ-ray loud blazars.
where k is
M 7 is the black hole mass in units of 10 7 M , Ψ(α X ) a function of the X-ray spectral index, α X , F 0 the X-ray flux parameter in units of cm −2 s −1 , m e the electron mass, c the speed of light,
Schwarzschild radius, ∆T D the time scale in units of days, λ is a parameter that links the intrinsic γ-ray luminosity and the Eddington luminosity with
iso is the isotropic luminosity in units of 10 45 erg s −1 , E γ the average energy of the γ-rays, and R 0 and R ms are, respectively, the outer and inner radii of the hot region of a two-temperature accretion disk (Becker & Kafatos 1995) . Here, R ms = 6 R g , R 0 = 30 R g , and E γ = 1 GeV are adopted.
Results
We are interested in the γ-ray loud blazars with observed X-ray emissions and variable timescales. Because the variable timescales correspond to different variations in amplitude for different sources and/or different observation periods, we use the doubling timescale, ∆T D = (F min /∆F )∆T , as the variable timescale, where ∆F = F max − F min is the variation of the flux over time ∆T . There are few simultaneous X-ray and γ-ray band observations, so the data considered here are not simultaneous. The γ-ray data by Hartman et al. (1999) are used to calculate the γ-ray luminosity. The X-ray data from the different literatures are listed in Table 1 (Col. 1 gives the name; Col. 2: the redshift; Col. 3: identification, F stands for a flat spectral radio quasar while B for a BL Lacertae object; Col. 4: the 1 keV X-ray flux density in units of µ Jy; Col. 5: the X-ray spectral index, α X from Fossati et al. (1998) and Donato et al. (2001) . If there is no available X-ray spectral index, we used α X = 1.0; Col. 6: references for Cols. 4 and 5; Col. 7: the flux F (>100 MeV) in units of 10 −6 photon cm −2 s −1 , and the values are from Hartman et al. (1999) ; Col. 8: γ-ray spectral index; Col. 9: the doubling time scale in units of hours; Col. 10: references for Col. 9).
The intrinsic γ-ray luminosity is unknown, so we assume that it is close to the Eddington luminosity, say λL Edd . In this paper, λ = 0.1 and 1.0 are adopted as we did in our previous papers (Cheng et al. 1999; Fan 2005) . From the available X-ray and γ-ray data, we can estimate the central black hole mass, M 7 , and three other parameters, namely the propagation angle, Φ, the boosting factor, δ, and the distance, d, which are listed in 7 M (λ = 0.1); Col. 5: the propagation angle (λ = 1); Col. 6: the propagation angle (λ = 0.1); Col. 7: the distance along the axis to the site of γ-ray production in units of Schwarzschild radii (λ = 1); Col. 8: the distance along the axis to the site of γ-ray production in units of Schwarzschild radii (λ = 0.1); Col. 9: the boosting factor (λ = 1); Col. 10: the boosting factor (λ = 0.1)).
Here, we only consider the sources with X-ray and γ-ray emissions. For sources with unknown variability in time scales, ∆T = 1 day is adopted as Ghisellini et al. (1998) did. The relevant data are listed in Tables 1 and 2 for 59 γ-ray loud blazars.
Based on the result, the estimated mass upper limits for the whole sample are in the range of 10 7 M to 10 9 M , namely (0.57 ∼ 60.90) × 10 7 M (λ = 1.0) or (0.87 ∼ 95) × 10 7 M (λ = 0.1). For details, see Figure 1 . The real value of λ will cause uncertainty in the mass, but the uncertainty caused by λ is not large.
For the other three parameters, we found that the propagation angle, Φ, is in the range of 3.33
• to 88.11
• (λ = 1.0) or 3.02
• to 83.31
• (λ = 0.1) for the whole sample. If we consider BLs and FSRQs separately, we have Φ = 29.72
• ± 21.96
• for BLs and Φ = 28.17
• ± 16.23
• for FSRQs for λ = 0.1. The probability for both to come from the same distribution is 45%, see Figure 2 .
The Doppler factors, δ, are in the range from 0.14 to 2.79 (λ = 1.0) or 0.18 to 3.74 (λ = 0.1) for the whole sample. If we consider BLs and FSRQs separately, we have δ = 0.80 ± 0.37 for BLs and δ = 1.85 ± 0.75 for FSRQs for λ = 0.1. The probability for both to come from the same distribution is 5.04 × 10 −7 , see Figure 3 .
For the γ-ray emission regions, the obtained results indicate that they are in the range of 16.02 R g to 577.54 R g (λ = 1.0) or 14.65 R g to 525.40 R g (λ = 0.1) for the whole sample. If we consider BLs and 
DISCUSSION
In AGNs, the central black hole plays an important role in observational properties and has drawn much attention. The central black hole mass perhaps sheds some light on the evolution process in AGNs Fig. 5 Comparison between the Doppler factor estimated in the present work with those by Ghisellini et al. (1993) . The solid line represents the results from this paper, and the dotted line represents those from Ghisellini et al. (1993) (Barth et al. 2002; Cao 2002; Fan et al. 2007; Wang et al. 2006a,b; Wu 2002 ). There are many methods for mass determination, although the mass determination is not in consensus. In the present paper, we determined the central black hole mass for a larger sample of γ-ray loud blazars using the previous method, which is constrained by the optical depth of the γ − γ pair production. As we discussed in the previous papers, this method, which is independent of the X-ray emission mechanism, can be performed for the central black hole mass determination of high redshift gamma-ray sources. We should mention that the mass determined in the present paper corresponds to the unity optical depth and therefore the results correspond to the upper limit for central black hole masses. In the method, the X-ray emissions, the γ-ray emissions and the short time scales as well are important for the determination of the basic parameters. In our previous paper, we compiled the relevant data for 23 γ-ray loud sources (Fan 2005) , while in the present paper, we obtained the relevant data for 59 γ-ray loud blazars.
BLs and FSRQs are two subclasses of blazars. From an observational point of view, except for the emission line properties (the emission line strength in FSRQs is strong while that in BLs is weak or invisible), other observational properties are quite similar between them (Fan 2003) . Their relationship has drawn much attention (e.g., Sambruna et al. 1996; Scarpa & Falomo 1997; Ghisellini et al. 1998; D'Elia & Cavaliere 2000; Bottcher & Dermer 2002; Fan 2002; Ciaramella et al. 2004 ). Bottcher & Dermer (2002) proposed that the accretion rate rather than the central black hole masses plays an important role in the evolutionary sequence (for FSRQs evolving into BLs) of blazars. Because the accretion rate in FSRQs is much faster than that in BLs, there is not much gas in BLs to fuel the central black hole. For the 59 γ-ray loud blazars (20 BLs and 39 FSRQs), if we consider BLs and FSRQs separately, the distribution of the mass does not show much difference (see Fig. 1 ), and their averaged masses are log M/M = 8.07 ± 0.41 for FSRQs, and log M/M = 8.12 ± 0.50 for BLs. A K-S test indicates that the probability for the two classes to come from the same parent distribution is p = 15%. The result is consistent with that by Wu et al. (2002) . That result perhaps suggests that the central black hole mass plays a less important role in the evolutionary sequence as pointed out by Bottcher & Dermer (2002) .
On the average, the Doppler factors in BLs are smaller than those in FSRQs (see Fig. 5 ), but the propagation angles are almost the same. This property suggests that the Lorentz factors in BLs are smaller than those in FSRQs. Ghisellini et al. (1993) also found that the Doppler factors in BLs are smaller than those in FSRQs. The reason that we obtained similar angular values is that we assume the emission to be from a cone with half angle Φ while others assume that the emission is isotropic.
In this paper, the optical depth of a γ-ray traveling in the field of a two-temperature disk with a beaming effect has been used to determine the central mass, M , for 59 γ-ray loud blazars with available short timescales. The masses obtained in the present paper are in the range of 10 7 M to 10 9 M for the whole sample. In the case of black hole mass, there is no clear difference between BLs and FSRQs, which suggests that the central black hole masses do not play an important role in the evolutionary sequence of blazars. The Lorentz factors and Doppler factors in BLs are smaller than those in FSRQs, but they have almost the same propagation angles.
